Summary. Male fowl were immunized intravenously (i.v.) or intramuscularly (i.m.) with spermatozoa to assess the effects of immunity to spermatozoa on fertility. Histological and immunofluorescence evaluations of testis and ductus deferens tissues after 24 weeks of immunizations revealed immune cell infiltration and immunoglobulin associated with spermatozoa. The long-term immunization regimen resulted in significant antisperm antibody titres in the immunized groups. When semen from i.v.-immunized males was used to inseminate females, fertility over 7 days was reduced (P < 0\m=.\05). A subsequent experiment using a 10-week i.v. immunization scheme also led to high antisperm titres. Spermatozoa from these males were characterized by lower fertility and duration of fertility than those of controls (P < 0\m=.\05). As in mammals, a reduction in fertility may result from exposure of avian males to sperm antigens.
Introduction
In mammals, sperm antigens invoke an immune response, and specific sperm antigens are being used to develop potential immunocontraceptives (for a review, see Goldberg, 1986) , but the possi¬ bility of immunosuppression of fertility in male birds has received little attention. The work of Wentworth & Mellen (1964) provides one of the few investigations attempted to date. In their work, the effects of immunization of male quail with testicular homogenates led to mixed results with respect to effect on sperm function. The work of Wentworth & Mellen (1964) may have been complicated by the use of complete Freund's adjuvant, because spermatogenesis was impaired, as shown by testicular atrophy (Freund et al, 1953 (Freund et al, , 1954 . Froman et al. (1990) investigated the possible role of autoimmunity to spermatozoa in a line of subfertile roosters. These males had been characterized by degeneration of spermatozoa within the ductus deferens as well as by reduced fertility (Froman & Bernier, 1987) ; an autoimmune condition was not associated with sperm degeneration .
The results of Wentworth & Mellen (1964) are representative of the limited investigations reporting efforts to evaluate the effects of immunity to spermatozoa in male birds. Work with females, including repeated artificial inseminations as well as sperm immuniz¬ ations, have resulted in conflicting reports on the immunological impairment of fertility (Saeki et al, 1965; Itagaki et al, 1966; Burke et al, 1971 Group 2 received one injection every 2 weeks of 1 ml 25% sperm solution in saline (v/v) intravenously (i.v.) for 10 weeks followed by 14 injections at weekly intervals. Group 3 animals served as non-immunized controls. Serum was collected before immunization and 9 and 24 weeks after initiation of immunization, for the measurement of antisperm antibody titres by passive haemagglutination (Garabedian & Syverton, 1962; Classen, 1977) . Before the initial immu¬ nization and the final serum collection, semen was collected from each male and used to inseminate each of 3-5 hens with 50 pi semen. Eggs were collected for 7 days and set, and the contents evaluated for embryonic development. After the final serum collection, all the males were killed and their testes and excurrent ducts collected for histological and immunofluorescent investigations as described in detail by Classen (1977) (Bugili & Renden, 1984) . Individual ejaculates were diluted to 2 IO9 spermatozoa ml" ' with Beltsville Poultry Semen Extender (a gift from T. Sexton, USDA, Beltsville, MD, USA). Each extended ejaculate was used to insemi¬ nate ten SCWL hens intravaginally with 1 IO8 viable spermatozoa. Egg collection commenced 2 days after insemi¬ nation and continued for 21 days. Eggs were set weekly and incubated for 4 days, and the contents were inspected for embryonic development. After the final semen collection, all males were killed and testes and excurrent ducts collected for histological and immunofluorescent evaluations as described by Froman el ai (1990) .
Statistical analysis
Serum antibody titres, numbers of intraluminal immune cells and seminal characters were evaluated using anova. Comparisons of fertility data were performed as described in . Overall fertility data were transformed to logits and evaluated by anova. Fertility as a function of time was estimated by iterative least-squares regression with a logistic model, y(J1) = /(1 + ew*~'"). Differences in duration of fertility, described as the point of half-maximal fertility, , were inspected using an extra-sums of squares F test . Significance was assigned to differences of < 005.
Results

Experiment 1
Immunization of SBS males with spermatozoa resulted in significant differences (P < 005) in serum antisperm antibody titres ( (Fig. 2a) in the immunized males. In control males, intraluminal fluorescence was associated only with immune cells (Fig. 2b) . A single i.v.-immunized male became aspermic during the experiment and was excluded from the generalized histological evaluations. This male demonstrated anti-immunoglobulin staining in the seminiferous tubules and the tubules appeared to be degenerating by the end of the experiment (Fig. 3) . Only the i.v.-immunized group revealed a significant (P < 005) decrease in fertility over a period of 7 days (Table 2) . "Serum titres were determined by passive haemagglutination (Classen, 1977; Froman et ai, 1990 (Bergmann & Schindelmeiser, 1987 The immunological regulation of fertility has been reported in a number of mammalian species (for a review see Goldberg, 1986) . In Expt 1, short-term fertility trials were used to ascertain whether circulating antibodies were associated with a reduction in sperm fertilizing ability. Whereas a reduction in fertility was noted for the SBS males immunized i.v. with spermatozoa, the number of females used and their pattern of egg production reduced the amount of information available from the experiment. Post hoc observations of the histology and immunofluorescence staining patterns of the reproductive tracts indicated immune cell infiltration such as observed after a chronic immune response or tissue trauma (Tingari & Lake, 1971; Pavia et al, 1987; Froman et al, 1990) . (Table 1) . As predicted from Expt 1, i.v. immunization of spermatozoa resulted in a reduction in fertility of immunized males from 96-7 ± 1-6% to 84-2 + 4-8% over the first 7 days after insemination. In contrast, the insemination of SCWL females with spermatozoa from control males resulted in 961 + 1-6% and 96-2 + 1-8% fertility, before and after immunization, respectively. However, as previously described , the interpretation of fertility data can be substantially improved by evaluating fertility as a function of time. Immunization of New Hampshire males with spermatozoa led to a significant ( < 005) reduc¬ tion in the duration of fertility from 10-3 days for the controls to 8-8 days in immunized males (Fig. 4) .
While both overall fertility and its duration were lower in the i.v.-immunized males, an expla¬ nation for the mechanisms involved remains unclear. In Expt 2, ethidium bromide exclusion by spermatozoa of both the immunized and control groups revealed no apparent relationship between serum titres and sperm viability, with 98-6 + 0-9% and 970 ± 2-9% intact spermatozoa for post-booster immunized and control, respectively. These values were comparable to those reported previously for ejaculates from this line of New Hampshire males (Kirby et al, 1989 (Howarth, 1990) . A critical evalu¬ ation of the mechanisms involved will be required to explain further the basis for the observed reduction in fertility.
